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In the Netherlands, meticillin-resistant Staphylococcus 
aureus (MRSA) is detected on pork and veal farms, and 
hence farmers working with MRSA-positive animals 
are at an increased risk of being colonised. Recently 
retail meat products have been found positive for 
MRSA. Therefore, we tested the prevalence of MRSA 
among employees who work in the cold meat process-
ing industry and in institutional kitchens. Nasal swabs 
and samples from the employees’ hands as well as the 
handled meat were tested quantitatively and quali-
tatively for the presence of MRSA. Typical colonies 
were confirmed by PCR and typed using multi-locus 
sequence typing and spa–typing. All samples taken 
from 95 employees tested negative for MRSA, but 31 
carried MSSA. From meat, five of 35 samples were 
positive for MRSA, containing between 0.01 and more 
than 10 bacteria per gram. The risk for professionals of 
MRSA colonisation from handling raw meat was there-
fore low in our setting, suggesting that the general 
population is at an even lower risk of being infected 
through meat handling.
Introduction
Staphylococcus aureus is a Gram-positive, catalase-
positive commensal bacterium colonising both humans 
and animals. S. aureus is known for causing food poi-
soning through the production of enterotoxins [1,2]. 
Worldwide, strains have emerged that are resistant to 
a wide range of antibiotics. In the Netherlands, 0.6% of 
all S. aureus strains isolated from hospitals between 
1999 and 2003 [3], were resistant to meticillin. From 
2004 till 2007, this number increased to 1.1%, which 
is still well below the average for Europe: 23.7%, 
according to the European Antimicrobial Resistance 
Surveillance System (EARSS-network, now EARS-Net; 
[4]).
In 2004, Wertheim et al. [5] measured persons with-
out predisposing risk to MRSA carriage before hospital 
admission and established that the prevalence of MRSA 
in the Dutch population was 0.03%. Between 2002 and 
2006, newly recognised infections in the Netherlands 
were found to be caused by a zoonotic, originally PFGE 
non-typable, strain of MRSA. Surveillance studies 
have shown that this strain, not detected before 2002, 
accounted for up to 5.5% of all human MRSA isolates 
in the first half of 2006 and up to 21% in the second 
half of the same year [6]. A partial explanation for this 
steep increase is the fact that screening of risk groups, 
including persons frequently in contact with pigs or 
calves, for MRSA carriage at hospital admission was 
implemented in the Netherlands in 2006. Later, the 
same strain was typed by multi-locus sequence typ-
ing (MLST), and it was shown that the vast majority 
of isolates of this strain belonged to sequence type 
(ST) 398 [6]. Another typing method, staphylococcal 
protein A (spa) typing, is frequently used to determine 
the number and sequence of repeats in the spa gene. 
MRSA ST398 from livestock animals frequently con-
tains spa types t011, t034, t108 and t567 [9,10]. The 
virulence potential of MRSA is associated with its abil-
ity to produce the Panton–Valentine leukocidin (PVL) 
cytotoxin [9].
The first links between farming and MRSA were made 
in 2004 and 2005, when a farmer and his family were 
infected, treated for eradication of S. aureus, then re-
infected. Later, the farmer’s pigs were proven to be 
colonised with a genotypically indistinguishable MRSA 
strain [10,11]. In 2006, 31 pig farms were screened in 
the Netherlands. On seven farms, pigs were colonised 
with MRSA. Eleven of the 22 farmers who had under-
gone voluntary screening were also colonised with 
MRSA. All isolates were negative for PVL and not typa-
ble by PFGE (hence at the time likely to be ST398) [7]. 
Another notable finding from this study was that a few 
pigs that were negative for MRSA became MRSA carri-
ers after treatment with oxytetracycline for respiratory 
problems. 
Other evidence that contact with animals can lead to 
higher S. aureus carriage was provided by a French 
study in which farmers were compared to non-farm-
ers [12]. Farmers proved to have a significantly higher 
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S. aureus colonisation ratio (44.6%) compared to non-
farmers (24.1%). In a Dutch [6] and in a Danish case-
control study [13], it was demonstrated that pigs were 
indeed a source of the rapidly emerging ST398 MRSA. 
In the Netherlands, the prevalence of MRSA in animals 
was also estimated in slaughterhouses. A total of 540 
pigs were screened, a randomised selection of ten ani-
mals from 54 batches from nine slaughterhouses. Of 
those, 209 animals (39%) were positive for MRSA, dis-
tributed over 44 (81%) of the batches [14]. All samples 
were ST398 and negative for PVL. 
Given that farm animals, farmers and slaughterhouses 
have been found positive for MRSA, the prevalence of 
MRSA in meat in the Netherlands was subsequently 
assessed. Meat samples of various species from retail 
suppliers were checked for the presence of MRSA, with 
11.2% testing positive. Highest prevalences were found 
in meat from turkeys (31.3%), chicken (27.3%), veal 
(16.8%) and pigs (10.4%). Of all MRSA isolates, 84% 
(116 of 138) belonged to ST398 [15]. 
Although food can be a vehicle for MRSA, the consump-
tion of MRSA-colonised meat is thought to carry only 
a small risk since heating is likely to kill all bacteria 
and S. aureus is assumed to be present only on the 
surface of the meat. However, there might be a risk of 
direct transmission from raw meat [16], especially for 
people who work with meat intensively. Transmission 
has already been assessed for Micrococcus luteus, and 
transmission from a hamburger to hands was shown to 
occur, albeit at the low rate of 0.06% [17]. 
In this study, we assessed the risk of colonisation with 
both MRSA and meticillin-sensitive S. aureus (MSSA) 
for professionals who work intensively with raw meat 
products. 
Methods 
Target population
The study was conducted between March and July 
2008. The selected population consisted of profes-
sionals who worked with raw meat on a daily basis, 
but were not in contact with live farm animals as part 
of their work. It included institutional kitchen staff 
(from two hospitals) and staff working at three facili-
ties processing cold meat, where carcass parts were 
cut into portions for consumption. Every person in the 
study population had to sign an informed consent form 
before the start of the sampling. A questionnaire was 
used to assess background risks and exposure [18].
Sampling of humans
A single nasal swab (Transwab, Medical Wire and 
Equipment, England) was collected from each partici-
pant and stored in an ice box until further analysis on 
the same day for MRSA and MSSA. 
To test for the presence of MRSA and MSSA on hands, 
we used a rinse method [19]. Participants were asked 
to put on a sterile nitrile glove. Sterile Mueller Hinton 
broth (BD, United States) with 6.5% NaCl (MH+; 30ml) 
was then poured into the glove, and after 30 seconds 
of soaking, gloves and MH+ were collected in a sterile 
stomacher bag. If the participants already wore gloves, 
these were collected into a stomacher bag and 30 ml 
MH+ were added. All bags were stored in an ice box for 
a maximum of three hours at temperatures at 2–5 0C, 
until further analysis at the end of the day.
Sampling of meat
Meat samples were taken from a single randomly cho-
sen piece of meat that was being prepared. Participants 
working with meat were asked to deposit a piece of it in 
a sterile bag. The samples were kept in separate con-
tainers at low temperatures (ice box, 2–5 0C) during 
transport and storage until further analysis at the end 
of the day.
Microbiological analysis 
Nasal swabs
Nasal swabs were analysed for the presence of MRSA 
and MSSA in two ways. To detect high numbers, indica-
tive for colonisation, the swabs were streaked directly 
onto a MRSA screening plate (MRSA brilliance, Oxoid) 
[20] and on a Baird Parker agar plate (Oxoid) supple-
mented with rabbit plasma fibrinogen (Oxoid). To detect 
low numbers, indicative for transmission, the swabs 
were then incubated in 10 ml MH+ for 18 hours at 37 oC. 
For a second enrichment step, 1 ml was transferred to 
9 ml phenol red mannitol solution with 75 μg/ml aztre-
onam (MP Biomedicals, United States) and 0.4 μg/ml 
ceftizoxime (PRM tube, Biomerieux) and incubated for 
Table 1
Primer sequences used for typing of meticillin-resistant 
Staphylococcus aureus
Gene Primer Sequence
MecA [22]
MecA-1 5’GTTGTAGTTGTCGGGTTTGG3’
MecA-C3 5’CTTCCACATACCATCTTCTTTAAC3’
PVL [23]
SaPVL-1 5‘ATCATTAGGTAAAATGTCTGGACATGATCCA3’
SaPVL-2 5’GCATCAA(GC)TGTATTGGATAGCAAAAGC3’
Martineau 
[24]
Sa442-1 5’AATCTTTG-TCGGTACACGATATTCTTCACG3’
Sa442-2 5’CGTAATGAGATTTCAGTAGATAATACAACA3’
Table 2
Prevalence of meticillin-resistant Staphylococcus aureus on 
different types of meat, the Netherlands, March–July 2008 
(n=35)
Origin MRSA present Total
Yes No
Veal 1 15 16
Pork 2 8 10
Chicken 2 4 6
Turkey 0 2 2
Fish 0 1 1
Total 5 30 35
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a further 18 hours at 37 0C. A loopful (approximately 
1μL) of each tube was streaked on a MRSA screening 
plate and a Colombia agar base plate with 5% sheep 
blood (CAB-sb; Oxoid) and incubated for 20 to 24 hours 
at 37oC [20]. Isolates were finally confirmed by PCR and 
typing. 
Samples collected from hands and meat samples
Samples were analysed as described for low numbers 
in nasal swabs (above) following an MPN-approach. 
Meat samples plus MH+ were homogenised in a pulsi-
fier (Microgen Bioproducts) prior to incubation. 
MSSA screening
After enrichment of samples in MH+, material from the 
lowest dilution of any sample was tested for MSSA as 
described [21]. 
PCR testing for MRSA
All MRSA isolates were genetically characterised by 
PCR specific for S. aureus (Martineau), the mecA gene 
and the PVL toxin genes (Table 1). A selection of iso-
lates was further typed by MLST and spa–typing. 
Data analysis
Prevalence data of MRSA in humans were analysed with 
the BINOMDIST function and Solver add-in in Microsoft 
Excel. Most Probable Numbers (MPN) of MRSA (and 
95% confidence intervals) on food were estimated 
using an Excel spreadsheet based on the MPN method 
originally described by De Man [23,24].
Results
In this study, we examined persons working in either 
an institutional kitchen or at a meat processing facility, 
as well as meat samples. The target population origi-
nally contained 101 persons (randomly chosen). For 89 
persons the results from sampling and questionnaire 
were available. Twelve people were excluded because 
they were either not present at the day of sampling 
(n=2), or they did not come into contact with meat 
(n=4). Six people did not provide information for the 
questionnaire or could not read Dutch or English. 
Human samples
The male:female ratio in the study population was 
uneven (80% males). The age ranged between 26 and 
56 years. Sixty-eight respondents were born in the 
Netherlands, while 13 were from other European coun-
tries and eight were of non-European origin. Forty-one 
participants kept pets, while living on a farm or keeping 
farm animals was rare (n=4). All wore an overall when 
entering the butchery or kitchen. During their daily 
activities, 80 respondents stated they were wearing 
protective clothing (hairnet, gloves and overall). Nine 
used or had used antibiotics during the six months pre-
ceding the study.  Only one of them recalled the anti-
biotic: amoxicillin. Eleven of the participants had been 
admitted to a hospital during the six months preceding 
the study, three of them more than once. Another per-
son was hospitalised abroad. Ten persons in the study 
population suffered from a chronic disease.
All samples from hands and noses were negative for 
MRSA, but 31 participants were colonised with MSSA. 
Given the number of samples taken, these results 
imply that, with 95% confidence, the prevalence of 
MRSA colonisation among professional meat handlers 
is less than 3%.
Meat samples 
The results of MRSA screening of the meat samples 
are shown in Table 2. Of 35 meat samples, five were 
contaminated with MRSA: pork (n=2), veal (n=1) and 
chicken (n=2). MPNs of MRSA as determined in the 
samples varied between 0.06 and more than 10 bacte-
ria per gram of meat (Figure). 
After PCR confirmation, MRSA-positive samples 
were submitted to the Dutch Reference Centre for 
Staphylococci for spa and MLST typing. Four isolates 
(one veal, two pork and one chicken) were typed 
as ST398 and spa-type t011, and one isolate from a 
chicken meat sample belonged to ST9/t1430.
Discussion
Hands and noses of all meat-handling professionals 
tested negative for MRSA. Among these negatively 
tested participants were those with a predisposing risk 
due to the use of antibiotics or hospital admission, as 
well as six persons that did not provide information for 
the questionnaire. Samples from these people were 
analysed before the results of the questionnaire were 
available. As all samples were negative, we did not 
Figure
Most Probable Numbers of meticillin-resistant 
Staphylococcus aureus in meat samples, the Netherlands, 
March–July 2008 (n=35) 
Lines indicate 95% confidence intervals, with the marker 
representing the Most Probable Number (MPN) per gram of sample.
*All MPN series tested positive for MRSA. The MPN of this sample 
was at least 110 bacteria per examined sample (approximately 25 
g), or four bacteria per gram. The upper 95% confidence interval 
limit was infinite.
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consider it necessary to exclude them from the analy-
sis at a later stage. This result implies an upper puta-
tive colonisation rate of 3%. However, the observed 
prevalence of S. aureus (MSSA) in our study, 33%, was 
somewhat higher than the 24% reported for the gen-
eral population in the Netherlands [5]. These results 
indicate that the susceptibility of our study population 
to S. aureus is at least as high as that of the general 
population and suggest that the observed absence of 
MRSA was not biased by a particular resistance of this 
group to S. aureus in general. 
MRSA was found in five meat samples, with four iso-
lates belonging to the MRSA strain ST398/t011 that has 
been associated with livestock [8], and one (a chicken 
meat sample) showing a type similar to those recently 
detected in chicken meat [15]. The prevalence of 14.3%, 
MRSA in the meat samples in this study was slightly 
higher compared with previously published data that 
reported a prevalence of 11.2% [15]. 
In a Swiss study done in 2009, MRSA could not be 
detected in pig farmers and slaughterhouse employees 
[27]. In contrast, a Dutch study from 2010 [18] found a 
high prevalence of nasal MRSA carriage (5.6%) in pig-
slaughterhouse workers. The difference between the 
two studies correlated with a difference in the preva-
lence of MRSA in pigs between Switzerland and the 
Netherlands. In the present study, we investigated the 
prevalence of MRSA in meat-handling professionals, as 
it had been reported that the prevalence of MRSA in 
meat was high [15]. However, we were unable to detect 
MRSA in our test population. This might be due to the 
fact that the chosen test group was too small, or to dif-
ferent routes transmission of MRSA in slaughterhouses 
and meat processing facilities. Additionally, rather 
than a difference in prevalence, there may have been 
a difference in the concentrations of MRSA in MRSA-
positive samples, which would result in different lev-
els of exposure. We determined that the MPN of MRSA 
present in our meat samples varied between 0.01 and 
more than 10 per gram. For one sample, no accurate 
MPN could be determined as all tested dilution series 
were positive. Unfortunately, most studies on the prev-
alence of MRSA lack information on the concentration 
of MRSA. 
This study showed that high-frequency exposure in the 
tested population did not result in a measurable risk of 
colonisation with MRSA. While the number of sampled 
persons, and hence the power of the study was lim-
ited, we believe that these findings imply that the risk 
of colonisation by contact with raw meat for the gen-
eral Dutch population should be at most equal, if not 
several orders of magnitude lower. Professional meat 
handlers come into contact with raw meat many times 
every day, whereas the general public would come into 
contact with raw meat once a day or more rarely. The 
upper limit of colonisation prevalence of professionals 
(3%) would therefore correspond to a much lower esti-
mate for the general population, which is in agreement 
with a prevalence of 0.03% in the Dutch population as 
reported by Wertheim et al. [5].
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